I. INTRODUCTION
With the energy and density increasing, the strangeness degree of freedom will appear in nuclear physics to generate hypernuclei and strange nuclear matter, even exist in the core region of neutron stars. Many large facilities are attempting to produce a lot of experimental data about the hypernuclei to further investigate the strangeness nuclear physics, such as J-PARC, MAMI, JLab, FAIR, and so on [1] . Until now, Λ hypernuclei are the most familiar objects in strangeness physics and have rich experimental events, that were largely created in laboratories from On the other hand, the theoretical study of hypernuclei has been in advance on the basis of a number of experiments on hypernuclei [6] [7] [8] [9] [10] [11] [12] [13] . The light hypernuclei can be described precisely by the ab initio calculation with realistic hyperon-nucleon interaction [14] . For the systematic study of both light and heavy hypernuclei, nonrelativistic and covariant density functional theories are generally employed, such as Skyrme Hartree-Fock (SHF) model [15] [16] [17] [18] [19] , relativistic mean field (RMF) model [20] [21] [22] [23] , relativistic point-coupling model [24] , and so on.
Since the massive neutron stars (M ∼ 2M ⊙ ) were observed [25] [26] [27] , it was found that a large number of available theoretic models, which can describe the properties of hypernuclei very well, lead to too soft equations of state (EOS) with hyperon to satisfy the astronomic observables. This dilemma is called hyperon puzzle. To solve such problem, many mechanisms were proposed to introduce an extra repulsion to make the EOS stiffer, such as the inclusion of a more repulsive hyperon-hyperon force [28, 29] , inclusion of a three-body hyperon force [30] , and quark star [25] .
Most of available nuclear models are based on the understanding of baryons as fundamental particles, however in quantum chromodynamics (QCD) which is regarded as the standard theory to dominate the strong interaction, quarks and gluons are considered as fundamental particles. They constitute mesons and baryons such as pion, nucleon, and hyperons. These compound particles combine together to form a nucleus via the baryon-baryon force in terms of the residual part of strong interaction at hadron level. The nuclear many-body system cannot be solved directly from QCD theory until now due to its non-perturbative feature at low energies. Therefore, it is very important to consider nucleon structure in nuclear many-body system from quark degree of freedom.
A few of attempts have been worked out to study the strangeness nuclear physics at quark level. Quark-meson coupling (QMC) model [31] [32] [33] [34] [35] [36] and quark mean field (QMF) model [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] are two most successful schemes, where quarks are confined to form a baryon by MIT bag model and confinement potential model, respectively. The baryons in hypernuclei and strange nuclear matter interact with each other via exchanging σ, ω, and ρ mesons between the quarks in different baryons. The properties of baryons will be changed due to the influence of surrounding baryons, which can explain the medium modification of the nucleon structure function (EMC effect) [48] . However, in these two models, two essentials of QCD theory were not included, chiral symmetry and gluon. At mean field level, the pion contribution is zero, therefore recently many works started to consider the pion effect in QMC model through the exchange term [49] [50] [51] . Furthermore, Nagai et al. developed the QMC model to include the gluon and pion effects by using the cloudy bag model (CBM) [52] .
Several years ago, Mishra et al. attempted to overcome such difficulties via calculating the contributions of quark-pion and quark-gluon interactions by one-pion and one-gluon exchanging terms, within lowest-order perturbation theory in a modified quark meson coupling (MQMC) model [53, 54] and applied such model to the investigation of strange nuclear matter and neutron stars [55] . They obtained the massive neutron stars, whose masses are around 2M ⊙ after fitting the hyperon coupling constants by the empirical Λ−, Σ− and Ξ−nucleon single-particle potentials at nuclear saturation density. However, in their works, both the coupling constants between the mesons and nucleons and those between mesons and hyperons were determined by the empirical properties of strange nuclear matter at saturation density. Actually, these coupling constants should be also constrained by the properties of normal nuclei and hypernuclei. With coupling constants given by Mishra et al., the properties of nuclei and hypernuclei were not consistent with the experimental data.
In the past few years, we studied the structures of nuclei and neutron stars in QMF model with pion and gluon effects [56] following the scheme of Mishra et al. It was found that the effects of pion and gluon could improve the description of QMF model on nuclear manybody system containing u and d quarks. In present work, this framework will be extended to include the strangeness degree of freedom to study properties of Λ, Ξ 0 hypernuclei and neutron stars with hyperons and compare with our previous studies on strangeness system in the QMF model without pion and gluon effects [40, 41] , where the hyperon binding energies of Λ and Ξ 0 hypernuclei and properties of neutron stars were calculated.
The paper is written as follows. In Sec. II, we briefly derive the formulas of QMF model with pion and gluon corrections including strangeness degree of freedom. In Sec. III, the new parameter sets of QMF model with pion and gluon corrections for hypernuclei will be determined. The properties of Λ and Ξ 0 hypernuclei with the new parameter sets will be shown. The neutron stars with hyperons will be also investigated. A summary is given in Sec. IV.
II. QUARK MEAN FIELD MODEL WITH PION AND GLUON CORRECTIONS FOR HYPERNUCLEI AND NEUTRON STARS
The analytical confinement potential for quarks cannot be obtained from QCD theory directly. Many phenomenological confinement potentials have been proposed, where the polynomial forms are widely used. A harmonic oscillator potential mixing scalar and vector Lorentz structures, U(r), is adopted in this work, where the Dirac equation can be solved analytically [56] :
where q denotes u, d, or s. When the effect of nuclear medium is considered, the quark field ψ q ( r) satisfies the following Dirac equation:
where σ, ω, and ρ are the classical meson fields, which describe the exchanging interaction between quarks. g q σ , g q ω , and g q ρ are the coupling constants of σ, ω, and ρ mesons with quarks, respectively. τ 3q is the third component of isospin matrix and m q is the bare quark mass. Now we can define the following quantities for convenience:
where the effective quark energy is given by ǫ * q = ǫ q − g q ω ω − τ 3q g q ρ ρ and the effective quark mass by m * q = m q − g q σ σ [56] . We also introduce λ q and r 0q as
The baryon mass in nuclear medium can be expressed as the binding energy of three quarks named zeroth-order term, after solving the Dirac equation (2), formally
The quarks are simply confined in a central confinement potential. Three corrections will be taken into account in the zeroth-order baryon mass in nuclear medium, including the centerof-mass correction ǫ c.m. , the pion correction δM π B , and the gluon correction (∆E B ) g . The pion correction is caused by the chiral symmetry of QCD theory and the gluon correction by the short-range exchange interaction of quarks. The center-of-mass correction can be expressed by [56] 
where H c.m. is the center-of-mass Hamiltonian density and |B is the baryon state. When the baryon wave function is constructed by the quark wave functions, the center-of-mass correction comes out as [55] ǫ c.m. = e
c.m. + e
c.m. ,
where
c.m. = Here, the different expectation values related to radii are listed as follows:
2(3ǫ
In QMF model, the constituent quark masses are obtained due to spontaneous chiral symmetry breaking. It is then natural to generate nearly zero mass pions as the NambuGoldstone bosons. Their coupling to the constituent quarks is provided by the chiral symmetry. In order to treat the chiral symmetry properly in the baryon, an elementary pion field is introduced in present model. The pionic self-energy correction to the nucleon mass
with the axial-vector nucleon form factor
r 2 0u k 2 (12) and f N N π can be obtained from the Goldberg-Triemann relation by using the axial-vector coupling-constant value g A in this model. The pionic corrections for Λ, Σ, and Ξ hyperons
The one-gluon exchange contribution to the baryon mass is separated into two parts as
where (∆E B ) E g is the color-electric contribution
and (∆E B )
M g the color-magnetic contribution
Here
is the ith quark color current density, where λ a i are the usual Gell-Mann SU(3) matrices and α c = g 2 c /4π. Then Eqs. (15) and (16) can be written as
and
where a ij and b ij are the numerical coefficients depending on each baryon and are given in Table I . The quantities I E ij and I M ij are given in the following equations:
. The detailed forms of color-electric and color-magnetic contributions can be found in Ref.
[55]. Finally, taking into account all above energy corrections, the mass of baryon in nuclear medium becomes
Next we would like to connect the baryon in the medium with nuclear objects, such as Λ and Ξ 0 hypernuclei. A single hypernucleus is treated as a system of many nucleons and one hyperon which interact through exchanging σ, ω, and ρ mesons. The QMF Lagrangian in the mean-field approximation can be written as [37] [38] [39] [40] [41] ,
where H denotes Λ or Ξ 0 hyperon and the effective masses of baryons, M * N and M * H , are generated from quark model, Eq. (22) . These effective baryon masses are actually related to scalar mesons in RMF model. Furthermore, we should emphasize that the nonlinear terms of σ and ω are included additionally in present work comparing with the Lagrangian of MQMC model [54, 55] , since these terms can largely improve the descriptions on properties of finite nuclei as shown in our previous work [56] . The tensor coupling between ω meson and baryons,
can improve the description of small spin-orbit splittings of hypernuclei [20, 21] .
The equations of motion of baryons and mesons are obtained by using the Euler-Lagrange equation. Dirac equations for nucleons and hyperons have the following form:
The equations of motion for mesons are given by
Here, the coupling constants between ω, ρ mesons and nucleons, g ω and g ρ , are generated from quark counting rules, g ω = 3g
q ω and g ρ = g q ρ , while those between ω mesons and hyperons, g H ω and f H ω will be determined by the properties of hypernuclei and strange nuclear matter at nuclear saturation density. Above equations of motion of baryons and mesons can be solved self-consistently with numerical method. From the single-particle energies of nucleons and hyperon, the total energy of whole hypernucleus can be obtained with mean field approximation.
In strange nuclear matter including Λ, Σ, and Ξ hyperons, the gradient terms in the equations of motion of mesons would disappear. The energy density and pressure are generated from the energy-momentum tensor related to QMF Lagrangian. In neutron stars, there are not only baryons but also leptons, such as, electrons and muons. The neutron star matter satisfies electric neutrality and β equilibrium. In such case, the EOS can be solved and taken into Tolman-Oppenheimer-Volkoff (TOV) equation [57, 58] to get properties of neutron stars. The detailed formulas can be found in our previous work about QMF model on neutron star [41] .
III. RESULTS AND DISCUSSION

A. Properties of baryons
Firstly, the strengths of quark confinement potentials for u, d, and s quarks should be determined. In present work, there are two free parameters, a q and V q , in the confinement potential for each flavor quark. The differences of properties between u and d quarks are very small, therefore, they are treat equally in this work. For s quark, SU(3) symmetry is broken, where a s and V s are distinguished from a u and V u . In QMF model, the quarks are regarded as the constituent ones, whose masses are around 300 MeV for u and d quarks. In recent lattice QCD calculations [59, 60] , the value of constituent quark mass was suggested to be around 250 − 350 MeV. To discuss the influences of quark mass, we take the masses of u and d quarks to be 250, 300, and 350 MeV in three parameter sets. The corresponding a u and V u are fixed by the mass and radius of free nucleon, which were already given in our previous work [56] These parameters are listed in Table II . For convenience, the first parameter set (m u = 250
MeV) in Table II is named as set A, the second (m u = 300 MeV) as set B and the third (m u = 350 MeV) as set C. Here, we should emphasize that in the work of Mishra et al. [55] , each baryon corresponds to one V q value, while in present work, the confinement potentials of s quark are adopted as uniform strength in Λ, Σ, and Ξ hyperons. The differences of their masses are generated by the pion and gluon corrections. In Table III , the masses of three charge neutrality hyperons (Λ, Σ 0 , and Ξ 0 ) in free space with set A, set B, and set C are compared with the latest experimental data [61] , respectively. The contributions from center-of-mass, pionic, and gluonic corrections to the hyperon masses in free space are also shown. Under the constraint of s quark mass, whose value should be larger than those of u, d quarks, the hyperon masses in theoretical calculation do not reproduce the experimental observables [61] from the particle data group completely.
There are several MeV differences between the theoretical prediction and experimental data.
The 1% errors are not able to influence the further calculations and discussions. The behaviors of one baryon in nuclear medium will be influenced by the surrounding particles, therefore, its effective mass M * B is able to change with density increasing. In QMF model, medium effect is included via effective quark mass generated by σ meson. 
B. Properties of hypernuclei
Once the relation between the effective baryon masses and quark mass corrections is obtained, the next step is to determine the coupling constants between quarks and mesons:
H ω , g ρ , and the parameters in nonlinear terms of σ and ω mesons, g 2 , g 3 , and c 3 . In this work, the meson masses are taken as m σ = 550 MeV, m ω = 783 MeV, and m ρ = 763 MeV. g u σ , g ω , g ρ , g 2 , g 3 , and c 3 about the normal nuclei have been obtained by fitting the properties of finite nuclei [56] .
In the present calculation, we adopt the quark model value of the tensor coupling between ω and hyperons [20, 21] , f H ω = −g H ω , which is important to produce small spin-orbit spitting of hypernuclei. Only the coupling constants between ω and hyperons need to be conformed.
They will be decided via the magnitudes of single hyperon potentials at nuclear saturation density in nuclear matter. The single Λ and Ξ potentials in nuclear matter are fixed as U Λ = −30 MeV and U Ξ = −12 MeV at nuclear saturation density respectively, following the existing experimental data about Λ and Ξ hypernuclei. Based on these choices, the single Λ and Ξ potentials in Pb hypernuclei are also calculated to check the validity of g The ratios of g H ω /g ω for Λ and Ξ hyperons in QMF-NK1S, QMF-NK2S, and QMF-NK3S do not satisfy the suggestions from simple quark counting rules as 2/3 and 1/3 used in our previous work [40, 41] . It is because that the cubic term of σ meson and biquadratic term of ω term are included in present work, which generate larger values of g [62] . Here, we should make a statement that the single Λ binding energies listed in recent reviews article [62] are not same as the well-known data summarized by Hashimoto and Tamura [63] , since they revised these data with latest experimental information of light hypernuclei in the past few years.
The results from our previous QMF calculation without pion and gluon corrections [40] are also given for comparison. We can find that the energy level of 1d state in Encouraged by the good agreements of Λ hypernuclei data in our present model, we start to calculate the energy levels of Ξ 0 hypernuclei in the same framework, to serve as a reference for the future experiments. The single-particle energy levels of Ξ 0 for are collected in the Fig. 3 . We can find that the results obtained from present model are deeper than that from the QMF model without pion and gluon corrections.
Single-Λ and single-Ξ 0 energies of these hypernuclei within QMF-NK3S set and the corresponding experimental data are listed detailedly in Table V . The differences of single-Λ In Fig. 6 , the binding energies of single Λ hypernuclei are systematically calculated from in experiments until now. To make the present discussion simplify, the coupling constant between ω meson and Σ hyperon is taken same value of g Λ ω . Furthermore, the ρ meson may play an important role in neutron star matter, whose coupling constants related to hyperons are chosen as g H ρ = g ρ . After solving the corresponding equations, the energy density and pressure of neutron star matter can be obtained as shown in Fig. 7 within QMF-NK1S, QMF-NK2S, and QMF-NK3S sets. At low energy density, the pressures of three parameter sets are almost identical, since the behaviors of neutron star matter at low density are decided by the properties of finite nuclei, meanwhile, the hyperons do not appear due to their larger chemical potentials. With energy density increasing, the pressure of QMF-NK1S becomes a little bit of difference from those of QMF-NK2S and QMF-NK3S for hyperons appearance. by QMF-NK1S, QMF-NK2S, and QMF-NK3S.
Besides the relation between energy density and pressure, the fractions of leptons and baryons in neutron star matter as functions of total baryon density are also given in Fig.   8 with different parameter sets. The direct Urca processes will happen above the densities ρ B = 0.287, 0.244, and 0.229 fm −3 at QMF-NK1S, QMF-NK2S, and QMF-NK3S, respectively, which are higher than the case without pion and gluon corrections, ρ B = 0.21 fm −3 .
It satisfies the constraint of astrophysical observations, where the cooling process does not occur at too low proton density. Furthermore, both of Λ and Ξ − hyperons appear around two times saturation density. Ξ 0 hyperons exist above ρ B = 0.9 fm −3 . At high density, the fraction of Ξ − hyperons approaches that of protons. Meanwhile, the fraction of Λ hyperons is suppressed by Ξ − hyperons. Totally, the appearance of hyperons becomes earlier at larger u quark mass. The present QMF model including the pion and gluon corrections could describe properties of both hypernuclei and neutron stars, and satisfy the constraint of experimental data.
In this work, to simplify our study, the charged Ξ − and double Λ hypernuclei were not discussed, however many experiments are proposed to study their properties in large facilities.
The related work is in progress.
